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(54) Intervertebral disk arthroplasty device 

(57) A disk arthroplasty device (31 0) is provided for 
replacement of a spinal disk. The device is implantable 
into a resected disk space and is formed with ball (346) 
and socket (326) members and shaped to provide lat- 
eral bending and backward extension of up to about S"" 
and forward flexion of up to about 15**. Four embodi- 
ments (10). (110). (210) and (310) permit up to about 5° 
axial rotation and a fifth embodiment (410) permits un- 



restricted axial rotation. Metal insert cups (70) and (170) 
are provided for attaching to the device surfaces and 
are convexly shaped along one axis to conform to the 
natural contours of the lop and bottom vertebra surfac- 
es. The metal insert cups (70) and (170) provide tensile 
support to the structure and provide for the attachment 
of additional structures for retaining the device in posi- 
tion after implantation into a disk space. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to a surgical 
joint replacement device; particular!/, a replacement for 
a degenerated or ruptured disk between consecutive 
vertebrae in the spine. 

[0002] Currently there are approximately 60.000 lum- 
bar spine fusions performed in the United States and 
30,000 lumbar fusions performed in Canada each year. 
Spinal fusion is frequently used as a treatment for low 
back pain and intervertebral disk degeneration, and the 
use of internal fixation has increased the ability of a sur- 
geon to obtain a solid fusion. There is increased con- 
cern, however, that the biomechanical rigidity of the fu- 
sk>n and internal fixation may predispose adjacent spi- 
nal motion segments to rapid deterioration. Long-term 
follow up of patients undergoing a successful fusion in- 
dicates that 50 percent will continue to have complaints 
of pain. As in other joints, alternatives to fusing a spinal 
motion segment have inherent advantages. 
[0003] Researchers have attempted to design a suc- 
cessful intervertebral disk arthroplasty device for years. 
U.S. Patent 4,946.378 discloses an artificial disk having 
a pair of end bodies with a medical synthetic polymeric 
intermediate member held between the end bodies. The 
intermediate member apparently provides some flexibil- 
ity. Somewhat similarly, U.S. Patent 5,002.576 disclos- 
es an artificial disk having end cover plates separated 
by a closed corrugated tube which is filled with a viscoe- 
lastic material, tike a body-compatible silicone. Also, U. 
S, Patent No. 4,932,975 shows a vertebral prosthesis 
having a pair of end members that house suspension 
plates surrounded by an elastomeric medium. The end 
housings are interconnected with flexible and expanda- 
ble bellows. 

[0004] Other approaches are shown in U.S. Patent 
Nos. 4,349.921. 4.714,469, 4.759.769. 4.863.476. 
4.936.848. 4.997.432. 5.047.055, 5,071,437 and PCT 
Patent WO 92/14423. U.S. Patent No. 4.349,921 dis- 
closes an artificial disk having convex superior and in- 
ferior surfaces corresponding to the adjacent vertebrae 
surfaces and being formed from two components to al- 
low flexion and extension between the two components. 
U.S. Patent No. 4.714.469 discloses a single member 
artificial disk having a predetermined thickness. U.S. 
Patent No. 4,759,769 discloses an artificial disk having 
upper and lower members hinged together at a rear por- 
tion and biased apart at a front portion by stiff coil 
springs. U.S. Patent No. 4,863,476 discloses a two por- 
tion spinal implant that is expandable so as to increase 
the spacing between the adjacent vertebrae. U.S. Pat- 
ent No. 4,936.848 shows an artificial disk having a 
spherical shape that is hollow and rigid. The sphere wall 
contains fenestrations, open to the sphere cavity, for 
placing bone fragments therein. U.S. Patent No. 
4.997,432 shows an artificial disk having plates sepa- 



rated by a sliding core body normally consisting of a syn- 
thetic material. U.S. Patent No. 5.047,055 discloses an 
artificial disk made from a hydrogel material having a 
specified compressive strength and, when hydrated. 
5 having the shape of a human disk. U.S. Patent No. 
5.071.437 shows an artificial disk having two rigid end- 
plates separated by. and connected to, an elastomeric 
core material having flexure properties similar to those 
of a human disk. 

[0005] Finally. U.S. Patents 4.595,663. Re. 32,449 
and 5,037.438 disclose the use of ceramic material, in- 
cluding zirconia, for applications such a joint replace- 
ment. 

[0006] There are certain basic criteria a successful in- 
tervertebral disk arthroplasty device must fulfill. Fatigue 
strength of the materials is of utmost importance. Since 
the average age of patients undergoing spinal fusion is 
42 years old, the life span of the device should exceed 
40 years. Assuming the average person experiences 2 
million strides per year and 125.000 significant bends in 
the spine, a conservative estimate of the number of spi- 
nal loading cycles over the 40-year period would be 85 
million cycles. To provide a factor of safety, the device 
should be designed to at least a fatigue limit of 100 mil- 
lion cycles. 

[0007] In addition to such durability, the materials for 
a successful Intervertebral disk arthroplasty device must 
be biocompatible- The amount of wear of the implant 
must be kept to a minimum. Although the implant should 
be small enough to be contained within the anatomic 
confines of a normal disk space, it is recognized that it 
may be advantag|eous to increase the prosthetic disk 
height in order to over distract the disk space to unload 
the facet joints posterioriy. 

[0008] The present invention not only satisfies these 
criteria, but it is anticipated that it could be a successful 
arthroplasty in place of 90 percent of the fusions cur- 
rently being performed. 

SUMMARY OF THE INVENTION 

[0009] The present invention is directed to an interver- 
tebral disk arthroplasty device comprising a first mem- 
ber having a socket portion and a second member hrv-/- 
ing a ball portion fitting in the socket portion. With re- 
spect to a space created by a resected disk from be- 
tween first and second vertebrae, the first member fits 
adjacent the first vertebrae and the second member fits 
adjacent the second vertebrae so that the ball portion 
fits in the socket portion. 

[0010] In one embodiment, a first base plate having a 
first tab is fastened to the first member and a second 
base plate having a second tab is fastened to the second 
member. Screws are passed through the first and sec- 
ond tabs to fasten the base plates, and their correspond- 
ing first and second members, to the adjacent vertebrae. 
[0011] In another embodiment, first and second mem- 
l^ers are fastened to metal insert cups, preferably made 
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of titanium . The use of titanium insert cups offers several 
advantages, including: (1) providing tensile support to 
the structure and maintaining the first and second mem- 
ber material in compression, (2) providing for the attach- 
ment of resisting fins to the anterior ends of the outer 
surface of an insert cup to further resist axial rotation by 
known processes such as machining, soldering, weld- 
ing or gluing, (3) providing a surface that coatings may 
easily adhere to. such as a titanium bead coating for pro- 
moting bony ingrowth fixation using known technologies 
such as sintering or spraying and (4) providing a struc- 
ture wherein the first and second members can remain 
a single size while the insert cup sizes may be more eas- 
ily and cheaply varied by either adding or reducing metal 
thickness. 

[0012] The invention also contemplates instances 
where initial screw fixation may not be necessary. It has 
been shown that bone ingrowth can occur into ceramic. 
Thus, in one aspect of the invention, a preferred material 
for the first and second members is zirconium oxide ce- 
ramic or aluminum oxide ceramic. The indicated ceram- 
ic is bk)compatible and the fatigue strength is expected 
to provide the necessary number of design cycles for 
the indicated use. Wear would be minimal and the im- 
plant can be made small enough to fit within the ana- 
tomic confines of a normal disk space. Although zirco- 
nium oxide ceramic or aluminum oxide ceramic are 
presently preferred, it is understood that other materials 
may be found which will also satisfy performance needs. 
[0013] In any case, with material criteria satisfied, the 
invention then further provides for movement with up to 
3 degrees of freedom mimicking normal intervertebral 
disk movement, except for compression. In one pre- 
ferred embodiment, the disk arthroplasty device is 
shaped to provide up to 1 5 degrees of flexion, 5 degrees 
of extension 5 degrees of lateral bending, while restrict- 
ing anterior/posterior shear, axial rotation and axial com- 
pression movements. In another embodiment, the de- 
vice is shaped to provide the 3 degrees of movement 
described above and to provide unlimited axial rotatk)n. 
The inventive arthroplasty device is designed to be non- 
compressible in order to maintain distraction of the facet 
joints posteriorly, thereby reducing the likelihood of a 
source of possible pain, 

{0014] The arthroplasty device is placed in a distract- 
ed disk space so that the surrounding soft-tissue, ie, disc 
annulus. is in tension, to prevent the arthroplasty device 
from dislocating. In this environment, the ball and socket 
portions as defined by the invention eliminate any loose 
moving parts, while sfill providing for the greatest flexi- 
bility of movement available. 

[001 5] Thus, the advantages and objects obtained by 
the present invention are many. Further explanation and 
understanding is available by reference to the drawings 
briefly described hereinafter and to the detailed descrip- 
tion thereafter. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

5 FIG. 1 is a front representation of a lumbar spine 
showing healthy disks between vertebral bodies. 
FIG. 2 is similar to FIG. 1 . except a disk has been 
replaced by a disk arthroplasty device In accord- 
ance with the present invention. 

10 FIG. 3 is a side cross-sectional view of a disk ar- 
throplasty device in accordance with one embodi- 
ment of the present invention. 
FIG. 4 is a front view of the device of FIG, 3. 
FIG. 5 is a perspective view of a disk arthroplasty 

15 device in accordance with a further embodiment of 
the invention with the ball and socket configuration 
shown in phantom. 

FIG. 6 is an anterior view of two vertebrae showing 
replacement of a human disk by a disk arthroplasty 

20 device in accordance with another embodiment of 
the present invention. 
FIG. 7 is a side view of FIG. 5. 
FIG. 8 is a perspective view of the lower member of 
a disk arthroplasty device in accordance with a fur- 

25 ther embodiment of the invention. 

FIG. 9 is a perspective view of the upper member 
of a disk arthroplasty device with a socket configu- 
ration corresponding to the ball configuration of 
FIG. 8 shown in phantom. 

30 FIG. 1 0 is a perspective view of the lower member 
of a disk arthroplasty device in accordance with a 
further embodiment of the invention with the ball 
configuration shown in phantom, 
FIG. 11 is a perspective view of a disk arthroplasty 

35 device with a socket configuration corresponding to 
the ball configuration of FIG. 10. 
FIG. 1 2 shows a top elevational view of a disk ar- 
throplasty device with another ball configuration ac- 
cording to the present invention. 

^ FIG, 13 is a cross-section of the disk arthroplasty 
device of FIG. 12 along section lines 13-13. 
FIG. 14 is a cross-section of the disk arthroplasty 
device of FIG. 12 along section lines 14-14. 
FIG. 15 is a top perspective view of an insea cup 

45 according to the present invention. 

FIG. 16 is a side elevational view of the Insert cup 
of FIG, 15. 

FIG. 17 is a side elevational view of the insert cup 
of FIG. 15 with the lower member of a disk arthro- 
50 plasty device mounted therein. 

FIG. 18 is a top perspective view of another insert 
cup according to the present invention. 
FIG. 19 is a side elevational view of the insert cup 
of FIG. 18. 

55 FIG. 20 is a cross sectional view of a disk arthro- 
plasty device mounted within a pair of insert cups 
of FIG. 18 and showing a screw attachment of the 
arthroplasty device to one of the insert cups. 
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FIG. 21 is an enlarged version of the circled area of 
FIG. 20 showing a screw attachment of a disk ar- 
throplasty member to the insert cup of FIG. 18. 
FIG. 22 shows a top perspective view of an insert 
cup incorporating rows of resisting teeth and a bead 
pocket. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 7] For the purposes of promoting an understand- 
ing of the principles of the invention, reference will now 
be made to the embodiment Illustrated in the drawings 
and specific language will be used to describe the same. 
It will nevertheless be understood that no limitation of 
the scope of the invention is thereby intended, such al- 
terations and further modifications in the illustrated de- 
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 
as would normally occur to one skilled in the art to which 
the invention relates. 

[0018] Referring now to FIGS. 1 - 4 wherein like ref- 
erence numerals designate identical or conresponding 
parts throughout the several views, and more particu- 
larly to FIG. 2, an intervertebral disk arthroplasty device 
in accordance with the present invention is designated 
generally by the numeral 10. Device 10 is shown im- 
planted between a first vertebral body 12 above it and 
a second vertebral body 14 below it, all being part of a 
representative lumbar spinal column 16. Lumbar spine 
1 6 is shown in FIG. 1 to include a healthy disk 1 8. Device 
10 is a prosthetic disk replacement in the space created 
by resected disk 18. 

[0019] As shown in FIGS. 3 and 4, disk arthroplasty 
device 10 includes an upper assembly 20 and a lower 
assembly 22, Upper assembly 20 includes a first mem- 
ber 24 having a socket 26 therein. A base plate 28 hav- 
ing an upwardly extending tab 30 therefrom is fastened 
to first member 24. First member 24 has an upper side 
32 to conform with and be fastened to an adjacent side 
34 of base plate 28. A side 36 opposite upper side 32 
includes socket 26 formed therein. Side 36 is formed so 
that it slopes upwardly on all sides of socket 26 such 
that the sloping is away from the entrance to socket 26 
and toward upper side 32. 

[0020] Base plate 28 is essentially a flat plate fas- 
tened with a biocompatible adhesive or other fastening 
mechanism known to those skilled in the art along side 
34 to side 32 of first member 24. The upper side 38 of 
base plate 28 is formed to conform with vertebral body 
12. Generally, side 38 is flat, and the conforming side 
40 of vertebral body 12 is made flat during the surgery. 
Tab 30 extends upwardly and is integral with base plate 
28. Tab 30 includes an opening 40 therethrough so that 
a screw 42 (shown with respect to lower base plate 48) 
can be used to fasten assembly 20 to vertebral body 12. 
[0021] Lower assembly 22 includes a second mem- 
t>er 44 having a bail 46 formed thereon which fits loosely 
into socket 26. Base plate 48 having tab 50 is simitar to 



upper base plate 28 with tab 30 and need not be de- 
scribed further First member 44 has a lower side 52 
which is fastened to an adjacent side 54 of base plate 
48 and in a similar fashion as earlier described with re- 
5 spect to first member 24 and upper base plate 28. A side 
56 opposite from lower side 52 includes ball 46 extend- 
ing upwardly therefrom. Side 56 slopes away from ball 
46 on all sides of ball 46 so as to create space between 
first and second members 24, 44 except where Ihey fit 
10 together at ball 46 and socket 26. In one preferred em- 
bodiment, sides 56 and 36 slope away from ball 46 and 
socket 26 along an inclined plane in four different direc- 
tions. Ball 46 and socket 26 generally have an oval 
shape or an elongated shape with quarter spherical 
^5 shapes at the ends. 

[0022] A motion segment with respect to the present 
invention comprises a disk arthroplasty device 10 and 
adjacent upper and lower vertebral bodies. The exact 
contours of ball 46 and socket 26 and and the surround- 
20 ing surfaces of sides 36 and 56 determine the range of 
motion allowed in flexion and extension, side bending, 
shear and rotation of the motion segment. 
[0023] The primary motion observed in a healthy lum- 
bar intervertebral joint is flexion-extension. A typical 
25 L4-L5 intervertebral disk allows 1 3 degrees of flexion, 3 
degrees of extension, 3 degrees of lateral side bending, 
1 degree of axial rotation, and a small amount of shear. 
The center of rotation for flexion-extension is located in 
the posterior portion of the intervertebral disk space. 
30 The present invention is based on a concept of 'oose 
constraint. One preferred embodiment allows 3 degrees 
of freedom mimicking the normal intervertebral disk 
movements of flexion, extension and lateral bending. 
Axial rotation, anterior/posterior shear and axial com- 
35 pression are restricted by disk arthroplasty device 1 0 in 
order to protect the posterior facet joints. In addition, it 
Is inserted by distracting the disk space which will place 
the surrounding soft tissue constraints in tension. This 
helps prevent the arthroplasty device from dislocating, 
40 The device is shaped to provide 15 degrees of flexion, 
5 degrees of extension, 5 degrees of side bending, 5 
degrees of rotation, and 2 millimeters of shear. The ar- 
ticulating surfaces are the concave female socket sur- 
face which articulates with the male concave ball sur- 
45 face. Such design eliminates loose moving parts. 
[0024] The present invention contemplates the use of 
a material for the first and second members 24 and 44 
that will result in low particulate generation and that will 
prevent axial movement in compression. This applica- 
50 tion appears to be well suited for ceramic materials and 
one preferred embodiment uses zirconium oxide as the 
ceramic material while another preferred embodiment 
uses aluminum oxide. The material specifications show 
ideal wear characteristics and biocompafibility. The 
55 modulus of elasticity is less than previously available ce- 
ramics, and is less prone to cracking. It would appear 
that the material would last the required 40 years as a 
replacement disk arthroplasty. 
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[0025] The present invention as disclosed in FIGS. 1 
- 4 has the ceramic members 24 and 44 fastened to base 
plates made preferably from either chrome cobalt or ti- 
tanium. The purpose for the metal base plates is to en- 
hance bone ingrowth for long-term fixation and to pro- 
vide for short term fixation with screw attachments to 
adjacent vertebral bodies. However, it is understood that 
since device 1 0 is placed in distracted disk space where- 
in surrounding soft tissue constraints are in tension, that 
initial screw fixation may not be necessary. Further- 
more, bone ingrowth has been shown to occur into ce- 
ramic. It is anticipated, therefore, that the entire disk ar- 
throplasty device may be able to be made of only first 
and second members, 24 and 44, namely the two artic- 
ulating pieces of ceramic. 

[0026] An appropriate surgical technique for impiace- 
ment of the present invention is described in a paper, 
incorporated herein by reference, entitled "Femoral Cor- 
tical Ring Plus Cancellous Dowel: An Alternative in an 
Anterior Lumbar Interbody Fusion" available from Rich- 
ard M. Salib. M.O., Institute for Low Back Care. 2800 
Chicago Avenue South, Minneapolis, Minnesota 55407. 
[0027] FIGS. 5-14 show additional embodiments of 
a disk arthroplasty device according to the present in- 
vention. Referring to FIG. 5, a disk arthroplasty device 
110. similar to that shown in FIGS. 1 - 4. is shown. The 
disk arthroplasty device 110 comprises an ellipsoidally- 
shaped ball 146 and socket 126, oriented so that their 
greatest lengths are disposed along a first axis trans- 
verse to the anterior and posterior ends 158 and 160 
respectively and their shortest lengths are disposed 
along a second axis which is perpendicular to the first 
axis along surface 1 56. In one preferred embodiment, 
the radius of the ellipsoidal ball and socket configura- 
tions is 0,322 inches along the first axis and 0:1 73 inch- 
es along the second axis. In another embodiment, the 
radius of the ball and socket configurations is 0.431 
inches along the first axis and 0,256 inches along the 
second axis. Generally, the greater the ball radii, the 
greater the resistance to compressive, rotational and 
axial shear loading. 

[0028] The center of rotation 165 of the arthroplasty 
device 110 is located posteriorly, at 65 percent of the 
length between the anterior end 158 and posterior end 
160. to match the normal lumbar spine center of rotation. 
The present invention further contemplates locating the 
device 110 center of rotation elsewhere to match cent- 
ers of rotation in other areas of the spine. 
[0029] As seen in FIGS. 5 and 7. the first joint surface 
136 Is sloped away from socket 126 while the second 
joint surface 156 remains flat, although the present in- 
vention contemplates sloping either one or both of joint 
surfaces 136 and 156. The degree of slope determines 
the amount of relative rotation between joint surfaces 
136 and 156 respectively and the first joint surface 136 
is sloped to provide for up to 5 degrees of lateral bending 
in either direction, up to 5 degrees of extension and up 
to 15 degrees of flexion. In the preferred embodiment. 



the first joint surface 136 is sloped to provide 5 degrees 
of lateral bending in either direction. 5 degrees of exten- 
sion and 15 degrees of flexion. In this embodiment, ball 
146 and socket 126 may be configured to have a pre- 
5 determined fit to permit axial rotation of up to 5 degrees 
in either direction as shown at 170 in FIG. 5. Any further 
rotation is inhibited due to the elongated nature of ball 
146 and socket 126. 

[0030] FIGS. 6 and 7 show the device arthroplasty de- 
10 vice 1 1 0 of FIG. 5 positioned between a first and second 
vertebra 12 and 14 respectively. FIG. 6 shows an ante- 
rior view of device arthroplasty disk 110 in place of a 
natural disk and FIG. 7 shows a side view of the same. 
Both FIGS. 6 and 7 show the device arthroplasty device 
15 110 of FIG. 5 in cross-section. 

[0031] Referring now to FIGS. 8 and 9, another em- 
bodiment of the arthroplasty device of the present in- 
vention is shown. The device 210 ball 246 of FIG. 8 and 
socket 226 of FIG. 9 are spherically-shaped with partial- 
20 ly cylindrical shapes at the transverse ends. 

[0032] The center of rotation 265 of the arthroplasty 
device 210 is located posterioriy, at 65 percent of the 
length between the anterior end 258 and posterior end 
260, to match the normal lumbar spine center of rotation . 
25 The present invention further contemplates locating the 
device 210 center of rotation elsewhere to match cent- 
ers of rotation in other areas of the spine. 
[0033] As seen in FIG. 9, the first joint surface 236 is 
sloped away from socket 226 while the second joint sur- 
30 face 256 remains flat, although the present invention 
contemplates sloping either one or both of joint surfaces 
236 and 256. The degree of slope determines the 
amount of relative rotation between joint surfaces 236 
and 256 respectively and the first joint surface 236 is 
35 sloped to provide for up to 5 degrees of lateral bending 
in either direction, up to 5 degrees of extension and up 
to 15 degrees of flexion. In the preferred embodiment, 
the first joint surface 236 is sloped to provide 5 degrees 
of lateral bending in either direction, 5 degrees of exten- 
40 sion and 1 5 degrees of flexion. In this embodiment, ball 
246 and socket 226 may be configured to have a pre- 
determined fit to permit axial rotation of up to 5 degrees 
in either direction as shown generally at 1 70 for disk ar- 
throplasty device 110. Any further rotation is inhibited 
45 due to the partially cylindrical shapes of ball 246 and 
socket 226. 

[0034] Referring now to FIGS. 10 and 11. another em- 
t)odiment of arthroplasty device 310 is shown wherein 
the ball portion 346 of FIG. 10 and corresponding socket 

50 portion 326 of FIG. 11 are comprised of three spherical 
shapes 346(a). 346(b), 346(c). 326(a). 326(b) and 326 
(c) respectively. Ball 346(a) and socket 326(a) are sized 
to be larger in radius than the respective (b) and (c) 
spheres and sockets. In addition, ball and socket por- 

55 tions 346(b), 346(c). 326(b) and 326(c) are sized to have 
equal radii and be equally spaced in transverse direc- 
tions from ball and socket portions 346(a) and 326(a) as 
shown in FIGS. 10 and 11. 
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[0035] The center of rotation 365 of the arthroplasty 
device 310 is located posteriorly, at 65 percent of the 
length between the anterior end 358 and posterior end 
360. to match the normal lumbar spine center of rotation. 
The present invention further contemplates locating the 
device 310 center of rotation elsewhere to match cent- 
ers of rotation in other areas of the spine. 
[0036] As seen in FIG. 11, the first joint surface 336 
is sloped away from socket 326 while the second joint 
surface 356 remains flat, although the present invention 
contemplates sloping either one or both of joint surfaces 
336 and 356. The degree of slope determines the 
amount of relative rotation between joint surfaces 336 
and 356 respectively and the first joint surface 336 is 
sloped to provide for up to 5 degrees of lateral bending 
in either direction, up to 5 degrees of extension and up 
to 15 degrees of flexion. In the preferred embodiment, 
first joint surface 336 is sloped to provide 5 degrees of 
lateral bending in either direction, 5 degrees of exten- 
sion and 15 degrees of flexion. In this embodiment, ball 
portion 346 and socket portion 326 may be configured 
to have a predetermined fit to permit axial rotation of up 
to 5 degrees in either direction as shown generally at 
170 for disk arthroplasty device 110. Any further rotation 
is inhibited due to the location of ball 346(b) and corre- 
sponding socket 326(b) and ball 346(c) and correspond- 
ing socket 326(c). 

[0037] The design of FIGS. 10 and 11 permit the high- 
est area of contact between ball portion 346 and socket 
portion 326 while maintaining the required constraint to 
axial rotation. 

[0038] Refemng now to FIGS. 12-14, another pre- 
ferred embodiment of arthroplasty device 410 is shown 
wherein the ball 446 and socket 426 are spherically 
shaped. This embodiment permits virtually unrestrained 
rotation about the long axis of the spine. Under normal 
circumstances, rotation should be restricted to protect 
the facets. However, if only a small portion of the annu- 
lus is removed to insert disk arthroplasty device 41 0, the 
remaining annulus is believed to provide significant re- 
sistance to rotatk}n, thereby allowing only normal phys- 
iological loading of the facets with this design. Restric- 
tion of axial rotation is therefore no longer necessary 
and the disk arthroplasty device may therefore allow 3 
degrees of freedom mimicking the normal intervertebral 
disk movements of flexion/extension, lateral bending 
and axial rotation. Anterior/posterior shear, lateral shear 
and axial compression are restricted with this particular 
embodiment. 

[0039] The center of rotation 465 of the arthroplasty 
device 410 is located posterioriy, at 65 percent of the 
length between the anterior end 458 and posterior end 
460, to match the normal lumbar spine center of rotation. 
The present invention further contemplates locating the 
device 410 center of rotation elsewhere to match cent- 
ers of rotation in other areas of the spine. 
[0040] As seen in FIGS. 1 3 and 14. the first joint sur- 
face 436 is sloped away from socket 426 while the sec- 



ond joint surface 456 remains flat, although the present 
invention contemplates sloping either one or both of joint 
surfaces 436 and 456. The degree of slope determines 
the amount of relative rotation between joint surfaces 

5 436 and 456 respectively and the first joint surface 436 
is sloped to provide for up to 5 degrees of lateral bending 
in either direction, up to 5 degrees of extension and up 
to 15 degrees of flexion. In the preferred embodiment, 
the first joint surface is sloped to provide 5 degrees of 

10 lateral bending in either direction, 5 degrees of exten- 
sion and 15 degrees of flexion. 
[0041] Referring now to FIGS. 1 ,5 - 22, each embod- 
iment of the disk arthroplasty device of the present in- 
vention may be fastened to insert cups before surgical 

15 implantation. Figs. 15-17 show one embodiment of an 
insert cup 70. The insert cup 70 is configured to be fas- 
tened to either the upper side of the first member, such 
as member 324, or the lower side of the second mem- 
ber, such as member 344 as shown in FIG. 17, at its 

20 surface 72 by press fitting a disk arthroplasty member 
within the insert cup. The present invention also con- 
templates other means for fastening the insert cup 70 
to a disk arthroplasty device surface such as with a 
body-compatible adhesive, tape, solder attachment or 

25 clip mechanism. Insert cup 70 is provided with an en- 
gaging surface 76 for engaging either vertebral surface 
as shown in FIGS. 5 and 6. Engaging surface 76 is gen- 
erally convexly shaped about an axis perpendicular to 
the spine as shown in FIG. 5. This configuration follows 

30 the natural contours of the top and bottom vertebrae sur- 
faces and acts to stabilize the device with respect to ax- 
ial rotation and anterior/posterior shear. 
[0042] FIGS, 18-21 show another embodiment of in- 
sert cup 170 with a receiving surface 172 and flanges 

35 1 74 for slidably receiving the outer surface of a first 
member, such as member 324, or the outer surface of 
a second member, such as member 344, as shown in 
FIG. 20, Insert cup 170 is provided with a convex en- 
gaging surface 176 for engaging either vertebral sur- 

"^0 face, identical to the embodiment shown by insert cup 
70. A disk arthroplasty device member is attached to in- 
sert cup 1 70 by screwing the cup 1 70 to a member, such 
as member 344, as shown in FIG. 20. As shown in detail 
in FIG, 21, the screw 78 is counter-sunk through opon - 

45 ing 80 in insert cup 170 and engages another opening 
82 in member 344. 

[0043] The preferred material for either insert cup 70 
or 1 70 is a metal, such as titanium. The insert cups may 
be formed by a variety of known processes such as ma- 

50 chining or molding and in one embodiment of the 
present invention, the insert cups are molded. Using ti- 
tanium insert cups with a disk arthroplasty device of the 
present invention provides various benefits such as pro- 
viding tensile support to the structure and maintaining 

55 the first and second member material in compression 
and providing a structure wherein the disk arthroplasty 
device members can remain a single size while the in- 
sert cup sizes may be more easily and cheaply varied 
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by either adding or reducing metai thickness. 
[0044] Another benefit of using titanium insert cups 
with a disk arthroplasty device is that the insert cups pro- 
vide a surface to which resisting fins, spikes or teeth can 
be more easily attached than to ceramic. FIG. 6 shows 
the attachment of resisting fins 92 to the anterior ends 
of the outer surface of an insert cup. These fins act to 
enhance the resistance of an arthroplasty device to axial 
rotation and may be attached to the insert cups by 
known processes such as machining, soldering, weld- 
ing and gluing. In one embodiment, the fins are welded 
to the insert cups. FIG. 22 shows rows of teeth 94 affixed 
to the surface of insert cup 70 that allow easy insertion 
of the arthroplasty device into a disk space, but resist 
expulsion in the opposite direction. Although any of the 
aforementioned attachment processes may be used to 
attach the rows of teeth 94 to the insert cups, in one 
embodiment these teeth are formed into during the ma- 
chining process of the insert cups. 
(0045] Yet another benefit of using titanium insert 
cups with a disk arthroplasty device is that Insert cups 
provide a surface that coatings may easily adhere to. 
FIGS. 6 and 7 show the application of a titanium bead 
coating 90 to the outer surfaces of the insert cups to 
promote bony ingrowth fixation. A variety of known tech- 
nologies may be used to apply a coating such as sinter- 
ing or spraying and in one embodiment, the titanium 
bead coating 90 is sprayed onto the outer surface of the 
insert cups. FIG. 22 shows a bead pocket 96 that is pro- 
vided between the sets of teeth rows 94, for receiving a 
coating of titanium beads. In the embodiment of FIG. 22. 
the rows of teeth resist expulsion of the disk arthroplasty 
device opposite to the direction of device insertion. The 
titanium bead coating disposed within bead pocket 96 
then promotes bony ingrowth fixation which acts to hold 
the outer surface of the insert cups in place and to en- 
hance resistance to movement of the insert cups in any 
direction. 

[0046] White the invention has been illustrated and 
described in detail in the drawings and foregoing de- 
scription, the same is to be considered as illustrative and 
not restrictive in character. It t>eing understood that only 
the preferred embodiment has been shown and de- 
scribed and that all changes and modifications that 
come within the spirit of the invention are desired to be 
protected. 



Claims 

1. An intervertebral disk arthroplasty device adapted 
to replace a disk between a first vertebra and a sec- 
ond vertebra in the spine, said arthroplasty device 
comprising: 

a first member for engaging the first vertebra 
and having a first joint surface, a first posterior 
end and a first anterior end. sakJ ends defining 



a transverse midline therebetween; 
a second member for engaging the second ver- 
tebra and having a second joint surface facing 
said first joint surface, and second posterior 
5 and anterior ends juxtaposed with correspond- 

ing ones of said first posterior and anterior 
ends; 

an elongated ball and socket joint between said 
first and second members defined in said first 
10 and second joint surfaces, sakl elongated ball 

and socket joint including: 

a ball portion defined on said first joint sur- 
face of said first member and elongated 
'5 along a first axis parallel to said midline, 

and 

a socket portion defined in said second 
joint surface of said second member for re- 
ceiving said elongated ball portion therein 

20 with a predetermined fit to permit a prede- 

termined relative rotation t>etween said first 
and second members about a second axis 
perpendicular to said first axis before said 
elongated ball portion contacts said corre- 

25 spending socket portion. 

2. The intervertebral disk arthroplasty device of claim 
1. wherein said elongated ball and socket portions 
are ellipsoidal in cross section in a plane parallel to 

30 said first joint surface. 

3. The intervertebral disk arthroplasty of claim 1, 
wherein said elongated ball and socket portions are 
partially circular in cross section in a plane parallel 

35 to said first joint surface and include opposite ends 
formed in a partially cylindrical shape. 

4. The intervertebral disk arthroplasty device of claim 
1 . wherein said elongated ball and socket joint in- 

40 eludes a plurality of separate ball portions and cor- 
responding socket portions. 

5. The intervertebral disk arthroplasty device of claim 
4. wherein each of said plurality of separate bail por- 

45 lions are circular in cross section in a plane parallel 
to said first joint surface. 

6. The intervertebral disk arthroplasty device of claim 
4. wherein said plurality of bail and socket portions 

so include: 

a first ball and socket portion: and 
second and third ball and socket portions 
spaced on opposite sides of said first ball por- 
55 tion and equidistant from said first ball portion. 

7. The intervertebral disk arthroplasty device of claim 
6. wherein said first, second and third ball portions 
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are circular in cross section in a plane parallel to 
said first joint surface, said first ball portion having 
a radius greater than the radii of said second and 
third ball portions. 

8. The intervertebral disk arthroplasty device of claim 
7. wherein said second and third ball portions have 
equal radii. 

9. The intervertebral disk arthroplasty device of claim 
1 . wherein said midline is equidistant from said first 
posterior end and said first anterior end. 

10. The intervertebral disk arthroplasty device of claim 
1 , wherein said ball and socket joint is disposed be- 
tween said midline and said first and second poste- 
rior ends. 

11. The intervertebral disk arthroplasty device of claim 

I . wherein one of said first and second joint surfac- 
es is inclined away from said ball and socket joint 
toward its respective first or second joint surface, 
entirely around said joint, and the other of said first 
and second joint surfaces is substantially flat 
around said joint. 

12. The intervertebral disk arthroplasty device of claim 

II , wherein said inclined surface includes a first in- 
clined face extending from said first axis to said an- 
terior end at a first angle, a second inclined face ex- 
tending from said first axis to said posterior end at 
a second angle, third and fourth inclined faces ex- 
tending from said second axis in opposite directions 
away from said second axis and parallel to said first 
axis at third and fourth angles respectively, said 
first, second, third and fourth angles being meas- 
ured relative to the other of said first and second 
joint surfaces. 

13. The intervertebral disk arthroplasty device of claim 
12. wherein said third and fourth angles are sized 
to penmit relative rotatk)n up to a first predetermined 
angle between said first and second members 
about said second axis before said first joint surface 
contacts said second joint surface. 

14. The intervertebral disk arthroplasty device of claim 
1 2, wherein said second angle is sized to permit rel- 
ative rotation between said first and second mem- 
bers, up to a second predetermined angle in the di-. 
rection of said posterior ends, about said first axis 
before said first joint surface contacts said second 
joint surface. 

15. The Intervertebral disk arthroplasty device of claim 
1 2. wherein sakJ first angle is sized to permit relative 
rotation between said first and second memt>ers. up 
to a third predetermined angle in the direction of 



said anterbr ends, about said first axis before said 
first joint surface contacts said second joint surface. 

16. The intervertebral disk arthroplasty device of claim 
5 1 . wherein said first member has a top surface op- 
posite said first joint surface and said second mem- 
ber has a t}ottom surface opposite said second joint 
surface; and wherein the intervertebral disk arthro- 
plasty device further comprises: 

10 

a first insert cup having a first receiving surface 
for receiving said top surface of said first mem- 
ber, and a first engaging surface opposite said 
first receiving surface for engaging the first ver- 
ts tebra; and 

a second insert cup having a second receiving 
surface for receiving said bottom surface of 
said second member, and a second engaging 
surface opposite said second receiving surface 
20 for engaging the second vertebra. 

17. The intervertebral disk arthroplasty device of claim 
16, wherein said first and second engaging surfac- 
es are convex about said second axis. 

25 

18. The intervertebral disk arthroplasty device of claim 
16. further comprising means for restrainably re- 
taining said top and bottom surfaces with said first 
and second receiving surfaces, respectively. 

30 

19. The intervertebral disk arthroplasty device av^rt 
18, wherein said means for restrainably retaining 
comprises a press fit. 

35 20. The intervertebral disk arthroplasty device of claim 
18. wherein said means for restrainably retaining 
comprises: 

a first screw oriented in a direction perpendic- 
40 utar to said top surface from said first insert cup 

toward said first member, and engaging said 
first insert cup to said first member; and 
a second screw oriented in a direction perpen- 
dicular to said bottom surface from said S/eo^ond 
45 insert cup toward said second member, and en- 

gaging said second insert cup to said second 
member, 

21. The intervertebral disk arthroplasty device of claim 
50 16. wherein said top. bottom . first receiving and sec- 
ond receiving surfaces are configured to permit said 
first and second members to be slidably received 
within said first and second insert cups, respective- 
ly. 

55 

22. The intervertebral disk arthroplasty device of claim 
16. further comprising: 



8 



15 



EP 1 421 922 A1 



16 



a plurality of resisting means for resisting axial 
rotation of said intervertebral disk arthroplasty 
device, said resisting means extending from 
the anterior ends of said first and second en- 
gaging surfaces, and perpendicular to said top 
and bottom surfaces. 

23. The intervertebral disk arthroplasty device of claim 
16, further comprising: 

a coating disposed on said first and second en- 
gaging surfaces wherein said coating is a bio- 
logically acceptable material suitable for pro- 
moting bony ingrowth fixation. 

24. The intervertebral disk arthroplasty device of claim 
23, wherein said material comprises titanium 
beads. 

25. The intervertebral disk arthroplasty device of claim 
16, wherein each of said top and bottom surfaces 
defines a numk>er of retaining ribs. 

26. The intervertebral disk arthroplasty device of claim 
25. wherein said retaining ribs extend parallel with 
said anterior and posterior ends. 

27. The intervertebral disk arthroplasty device of claim 
25, wherein said retaining ribs are configured to per- 
mit movement of said disk arthroplasty device in a 
first direction and to resist movement of said disk 
arthroplasty device in an opposite direction. 

28. The intervertebral disk arthroplasty device of claim 
16, further comprising: 

a first recessed channel in said first engaging 
surface of said first insert cup; and 
a second recessed channel in said second en- 
gaging surface of saki second insert cup. 

29. The intervertebral disk arthroplasty device of claim 
28, further comprising a bone growth promoting ma- 
terial disposed within said first and second re- 
cessed channels. 

30. The Intervertebral disk arthroplasty device of claim 
28, further comprising a coating disposed within 
said first and second recessed channels, wherein 
said coating is a biologically acceptable material 
suitable for promoting bony ingrowth fixation. 

31. The intervertebral disk arthroplasty device of claim 
28, wherein said first recessed channel has a first 
predetermined width centered equidistant from said 
anterior and posterior ends, said second recessed 
channel having a second predetermined width cen- 
tered equidistant from said anterior and posterior 



ends. 

32. The intervertebral disk arthroplasty device of claim 
16, wherein said first and second insert cups are 

5 made of titanium. 

33. The intervertebral disk arthroplasty device of claim 
1 , wherein said first and second members are made 
of a material selected from the group consisting of 

10 zirconia and alumina. 

34. The intervertebral disk arthroplasty device of claim 
1. wherein said ball portion comprises first, second 
and third ball portions, each of said ball portions 

15 having a circular cross section in a plane parallel to 
said first joint surface, said first ball portion having 
a larger radius than saki second and third ball por- 
tions, said second and third ball portions having 
equal radii and being disposed on opposite sides of 

20 said first ball portion, said ball portions being dis- 
posed along said first axis; and 

wherein said socket portion is substantially 
complementary to said ball portions and is config- 
ured to receive said ball portions therein. 

25 

35. The intervertebral disk arthroplasty device of claim 
1 , further comprising: 

a first insert cup for receiving said first member 
30 and having a first engaging surtace for engag- 

ing the first vertebra: and 
a second insert cup for receiving said second 
member and having a second engaging sur- 
face for engaging the second vertebra. 

35 

36. The intervertebral disk arthroplasty device of claim 
35. wherein said first and second engaging surfac- 
es are convex about said second axis. 

40 37. An intervertebral disk arthroplasty device adapted 
to replace a disk between a first vertebra and a sec- 
ond vertebra in the spine, saki arthroplasty device 
comprising: 

45 a first member having a first joint surtace, a top 

surtace opposite said first joint surtace. a first 
posterior end and a first anterior end; 
a second member having a second joint sur- 
face facing said first joint surtace, a bottom sur- 
so face opposite said second joint surtace, and 

second posterior and anterior ends juxtaposed 
with corresponding ones of said first posterior 
and anterior ends; 

a first insert cup having a first receiving surtace 
55 for receiving said top surtace , and a first engag- 

ing surtace opposite said first receiving surtace 
for engaging the first vertebra; 
a second insert cup having a second receiving 
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surface for receiving said bottom surface, and 
a second engaging surface opposite said sec- 
end receiving surface for engaging the second 
vertebra; and 

retaining ribs disposed on each of said first and 
second engaging surface and extending paral- 
lel with said anterior and posterior ends of said 
first and second members, said retaining ribs 
being configured to permit movement of the 
disk arthroplasty device in a first direction and 
to resist movement of said disk arthroplasty de- 
vice in an opposite direction. 

38. The intervertebral disk arthroplasty device of claim 

37, further including: 

a first recessed channel in said first engaging 
surface and extending parallel with said retain- 
ing ribs, said first channel having a first prede- 
termined width centered equidistant from said 
anterior and posterior ends; and 
a second recessed channel in said second en- 
gaging surface and extending parallel with said 
retaining ribs, said second channel having a 
second predetermined width centered equidis- 
tant from said anterior and posterior ends. 

39. The intervertebral disk arthroplasty device of claim 

38. further comprising a bone growth promoting ma- 
terial disposed within said first and second re- 
cessed channels. 

40. An intervertebral disk arthroplasty adapted to re- 
place a disk between a first vertebra and a second 
vertebra in the spine, said arthroplasty comprising: 

a first member having a first surface for engag- 
ing the first vertebra, an opposite first joint sur- 
face, a posterior end and a first anterior end, 
said ends defining a transverse midline there- 
between, said midline being equidistant from 
said first posterior end and said first anterior 
end; 

a second member having a second surface for 
engaging the second vertebra, an opposite 
second joint surface facing said first joint sur- 
face, and second postertor and anterior ends 
juxtaposed with corresponding ones of said first 
posterior and anterior ends; 
a joint between said first and second members 
to permit relative rotation between said first 
member and said second member about a first 
axis parallel to said transverse midline and a 
second axis perpendicular to said first axis, 
said joint including; 

first, second and third ball portions defined in 
said first joint surface of said first member, each 
of said ball portions having a circular cross sec- 



tion along a plane parallel to said first joint sur- 
face, said first ball portion having a larger radius 
than said second and third ball portions, said 
second and third ball portions having equal radii 
5 and being disposed on opposite sides of said 

first ball portion; and 

a socket portion defined in said second joint 
surface substantially complementary to said 
ball portions in said first joint surface and con- 
10 figured to receive said ball portions therein; 

a first insert cup for receiving said first member 
therein; and 

a second insert cup for receiving saki second 
member therein; and 

15 

wherein each of said first and second insert 
cups has a surface for engaging a respective one 
of the first and second vertebrae, said first and sec- 
ond engaging surfaces extending convexly about 
20 said second axis. 
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